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Histochemical techniques have become es-
sential laboratory tools to the dermatological
field. However, there are no reports in the
literature of histoehemieal work on a tryp-
tophan-rieh substance in skin lesions. It
therefore seemed useful to attempt to develop
this project. Specific techniques for trypto-
phan-rich structure were established by
Adams (1), and Glenner and Lillie (2), but
these techniques are not always reproducible.
Successful staining has been achieved with
thorough desiccation of sections on slides be-
fore deparaffinixing. In addition, it was
found that Adams' method was more sensitive
and simpler than Glenner and Lillie's. Thus,
it was decided to use an improved Adams'
method in this study.
Tryptophan-containing substances are stained
varying intensities of blue, depending on the
concentration of the amino acid. The method is
easily performed and reproducible. In the nor-
mal human skin, only the arreetores pilorum
muscles and erythrocytes give moderate reac-
tions. The cytoplasm of mast cells (3, 4) and
that of eosinophils give strong reactions, although
Glenner and Lillie (2) mentioned that the mast
cell was negative. No tryptophan-containing
substances wore detected in the plasma cell.
This report presents a survey of erythema-
tous, bullous, purpuric, reticulate, nodular,
and necrotizing lesions of the skin in patients
with allergic vasculitis, including lupus cry-
thematosus. We have searched for evidence of
tryptophan-containing substances adsorbed to
tissue at the sites of lesions. Finally, some at-
tempts are made to relate these substances to
fibrin and globulin.
MATEaTAL5 AND METHOD
Materials
Twenty-seven biopsy specimens of crythematous,
bullous, purpuric, reticulate, nodular and necrotiz-
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ing lesions of the skin were taken from 23 patients
with allergic vasculitis: 7 were of erythematous
lesions, 2 of bullous, 3 of purpuric, 3 of reticulate,
10 of nodular and 2 of necrotizing lesions. Ten
specimens of involved skin from eight patients with
lupus erythematosus were also examined: one
each from three patients with discoid LE, three
with subacute LE, one with systemic LE, and
three lesions at different stages from one patient
with systemic LE.
Method
Adams' (1) procedure was modified as follows:
1. Tissue blocks were fixed in formalin-ealcium
acetate overnight at 4° C (40% formaldehyde 10
cc, calcium acetate 10 gm and distilled water 90
cc).
2. Dehydrate, clear, impregnate and embed in
the usual manner.
3. Cut sections at 6 microns.
4. Dry sections for 3 days in a desiccator or in
a 37° C oven.
5. Rinse deparaffinized sections in absolute al-
cohol, and allow sections to dry completely.
In the early stages of the study, alternate pairs
of sections mounted on slides were deparaffinized,
brought to distilled water in the usual manner, and
in order to be sure to wash out free indole de-
rivatives in sections, they were washed for 20
minutes with four changes of distilled water. How-
ever, no significant difference was found between
the pairs.
6. Sections may be coated with thin celloidin(0.5%) to insure retention on the slide during
staining.
7. Treat for 1 minute in DMAB-HC1 (Con-
centrated HC1 95 cc, p-dimethylaminobenz-
aldehyde 5 gm).
S. Treat for 1 minute in sodium nitrite HC1 solu-
tion (sodium nitrite 1 gm, concentrated HC1 99 cc).
9. Rinse in absolute alcohol.
10. Wash for 1 minute in tap water.
11. Counterstain for 3 seconds in 1% aqueous
solution of safranin.
12. Rinse in tap water, dehydrate, clear and
mount in the usual manner.
During the procedures, free indole derivatives
in the sections were assumed to be removed. In-
terstitial or edema fluid also is removed. Trypto-
phan-containing structures which remain are
stained blue.
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RESULTS
Tryptophan-rich substances were found fre-
quently in the skin lesions of allergic vascu-
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litis, especially in and around the vascular
walls. These substances presumably are plasma
protein components, particularly fibrin and
globulin bound to tissue during the allergic
reaction. These tissue-bound components were
found throughout the dermis and/or subeu-
taneaus fat.
1. Distribution of Tryptophart-rich
Substance
A consistent relationship was found to ex-
ist between the distribution of tryptophan-
rich components in sections and the clinical
appearance of the lesions. In general trypte-
phan-rich components are found only in the
walls of affected blood vessels at an early stage
of allergic vaseulitis, and occur in the sur-
rounding tissue during active inflammation
when tissue damage becomes more extensive.
In three erythema multiforme type lesions,
tryptophan-rieh components were found in
and around capillaries of the papillary layer,
and out in the surrounding tissue of the
upper dermis in a cobweb-like appearance
during active inflammation (Figs. 1A and B).
In two bullous lesions of the disease, the
components were found extensively in and
around the bulla, and in and around the fine
vascular wall of the upper and mid dermis
(Fig. 2A). The bulla is mainly composed of
erythroeytes, eosinophils and fibrin strands,
all of which are tryptophan-rich (Fig. 2B).
In three lesions of anaphylactoid purpura,
the components were found only in and around
the walls of some vessels of the upper dermis
(Figs. 3A and B). The components seem to
flow out from the damaged endothelial lining,
and to enter both the swollen vascular wall
and the surrounding connective tissue (Fig.
3B).
In six lesions, three each of discoid and
subacute lupus erythematosus, the components
were found in a retieular fashion at the sub-
epidermal layer, sometimes at the lower por-
tion of swollen hair follicle, and infrequently
in the vascular walls of the upper and mid
dermis. In an old stationary lesion of a pa-
tient with subacute lupus erythematosus, only
a narrow subepidermal zone of the compo-
nents was found in a retieular appearance
(Fig. 4A).
In eight active nodular lesions, three of
erythema nodosum, two of nodular vaseulitis,
two of erythema induratum, and one of cu-
taneous allergic vaseulitis, the components
were shown extensively in varying intensities
in the mid or deep dernus as well as sub-
cutaneous fat, oorrespondiug to the scattered
patches of cellular infiltrate (Figs. 5A and 7).
In the lumens of blood vessels, the components
were more dense (Figs. 6 and 7). In two re-
solving lesions of erythema nodosum, minimal
tryptophan-rieh components were found, while
the muscular walls in arteries were stained
blue.
In three erythematous lesions of cutaneous
allergic vaseulitis, tryptophan-rieh compo-
nents were found in and around the affected
vascular walls of the entire dermis, mostly in
a reticular fashion (Figs. 3 and 8).
In two out of the three reticulate lesions of
the disease, the components were found only
in the vascular walls of nud to deep dermis,
and none in the remainder. On the other
hand, iu two neerotizing lesions of the dis-
ease, they were found in and around the vascu-
lar walls of the whole dermis and of the sub-
cutaneous fat (Fig. 9).
In two active lesions of systemic lupus cry-
thematosus, the components were found ex-
tensively in the epidermis and the entire der-
mis (Fig. 10), while they were found only
in the vascular walls in the early lesion, and
none was found in the resolving lesion.
2 Significance of Tryptophan-rich
Substance for Histopothological
Change
Deposition of tissue-bound tryptophan-rieh
components generally tended to take place in
areas of major histopathologioal changes. In
lesions of active stage of erythema multi-
forme, the distribution of the components cor-
responded to fihrinoid swelling in capillaries
of the papillary and subpapillary layer, ac-
companied with cellular infiltrate and some-
times with abundant extravasated erythro-
eytes (Figs. 1A—E and 2A—C).
In active lesions of anaphylactoid purpura,
fibrinoid swelling of involved vascular walls
of the upper dermis closely related to patterns
of tryptophan-rieh components. The compo-
nents were also found to be PAS-positive
(Figs. 3B and C).
In lesions of discoid or subacute lupus cry-
thematosus, the distribntion of the eompo-
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FIG. 1. Active erythematous lesion of crythema multiforme
A: Tryptophan-rich components, which are stained blue, can be seen at the papillary and
subpapillary layer, Adams, >< 180.
B: High power view of Fig. 1A, Adams, >< 680. The components are seen in a delicate
cobweb-like appearance.
C: Patterns of acidophilic structure at the subepidermal layer parallel those of the com-
ponents as shown ni Fig. 1A, H and E, X 240.
D: Patterns of fibrin, stained with Mallory's phosphotungstic acid hematoxyhn, closely
parallel those of the components, X 180.
E: Patterns of PAS-positive structure at the subepidermal layer also parallel those of the
components, LFB-PAS, X 180.
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nents paralleled the liquefaetive necrosis at
the dermo-epidermal junction, and sometimes
fibrinoid swelling of capillaries of the papil-
lary and subpapillary layer. In alternate pairs
Fm. 2. Upper part of an active bullous lesion of
erythema multiforme.
A: Tryptophan-rich components bound to no-
erotic tissues around the bulla, and to connective
tissue in and around the vascular walls of upper
dermis, Adams, X 144.
B: Inside the bulla, there are abundant erytbro-
cytes, cosinophils and fibrin strands, which arc also
tryptophan-rich, H and E,>< 144.
C: Vascular walls of the upper dermis are
stained PAS-positive. There are no detectable acid
mucopolysaccharides in the section, Hale-PAS,
>< 144.
of sections, shown in Fig. 4A, the dermal part
of dermo-epidermal junction was found to be
composed of a diastase-resistant PAS-positivc
and acidophilic structure as well as trypto-
phan-rich components (Figs. 4B and C), while
a narrow zone of acid mucopolysaccharidcs
was found in the cpidermal part of dermo-
epidermal junction and a broader zone of acid
mucopolysaccharides in the mid dermis (Figs.
4Cand D).
In active lesions with vascular changes
largely confined to the deep dermis and/or
subcutaneous fat, the components seemed to
occur at the sites of patches of inflammatory
infiltrate. Concentrations of tryyptophan were
more dense in areas of inflammation than in
those of fibrosis (Figs. 5A and B). In the
alternate pairs of sections, shown in Fig. 5C,
the components were evidenced to be com-
posed of fibrin with Mallory's phosphotungstic
acid bcmatoxylin method (Fig. 5D). The com-
ponents in the obliterated lumen of arteries
were found to be thrombi (Figs. 6 and 7).
The appearance of acid mucopolysaccharides
in nodular lesions was limited to a late, re-
solving stage.
In active erythematous lesions of cutaneous
allergic vasculitis, patterns of the components
in and around the affected vascular walls of
tbe entire dermis closely paralleled those of
fibrinoid materials, and the components were
also found in the vascular walls which showed
only perivascular cuffing.
In reticulate lesions of the disease, in which
the components existed in some vascular walls
of mid to deep dermis, only perivascular cellu-
lar infiltrate mainly with lymphocytes was
found in the corresponding sections.
In active lesions of systemic lupus cry-
thematosus with vascular changes, extending to
the entire dermis, the components were found
even in the collagenous tissue of dermis and
in the epidermis, corresponding to the de-
generative changes. However, the distribution
of acid mucopolysaccharides, scattered in a
patchy fashion throughout the dermis, did not
parallel that of tryptophan.
COMMENT
Although all 3-indolyl derivatives would be
expected to react with the Adams' DMAB-
nitrite method, only tissue-bound tryptophan
— ste
TEYPTOPHAN IN ALLERGIC YASCIJLITIS 111
FIG. 3. Fibrinoid changes of a fine vascular wall of the upper dermis in an active purpuric
lesion of anaphylactoid purpura.
A: Patterns of tryptophan-rich components closely paralleled those of fibrinoid materials,
Adams, X 180.
B: High power view of Fig. 3A. Notice that the components look to flow out from the
damaged endothelial gaps, and to enter into the swollen connective tissue in and around the
vascular wall, Adams, A 680.
C: Patterns of the components also parallel those of PAS-positive materials, LFB-PAS,
A 680.
112 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 4. Upper part of an older cutaneous lesion of subacute lupus erythematosus
A: A narrow zone of tryptophan-rich components can be seen at the dermo-epidermal
junction, Adams, )< 148.
B: Patterns of the components correspond to those of acidophilic structure at the lique-
faction degeneration in the alternate pairs of sections, H and E, X 148.
C: Patterns of the components also parallel those of PAS-positivc structure at the dermo-
cpidcrmal junction. Hale-positive materials can be seen at the epidermal site of the dermo-
cpidermal junction and at the mid dermis, Hale-PAS, >< 148.
D: Alcian-bluc positive materials distribute in a broader zone at the mid dermis, Alcian
blue, X 148.
and possibly 5-hydroxytryptamine need be
considered, since other soluble tissue-indoles,
which are not hound to tissue, would not
survive ordinary embedding processes. The
latter was not found in the lesions studied,
with ninhydrin reaction for tryptamine de-
rivatives, modified from Holcenberg and Ben-
ditt (5, 6). In active lesions of allergic vascu-
litis, fibrin and globulin bound to damaged
tissues would be expected to react with this
method because these two components are well
known to contain tryptophan and to be pres-
ent in allergic reactions.
Fibrin deposition as fibrinoid was studied
in collagen disease by Gitlin and his asso-
ciates in 1957 (7, 8), and in cutaneous allergic
vasculitis by Ruiter in 1962 (9, 10). Changes
in the collagen or the ground substance had
been believed as a probable origin of fibrinoid.
Two basic changes were presumed by Ruiter
in the process of fibrinoid changes:
(i) "splitting up" of perivascular collage-
nous fibers into fine argentophilic fibrils re-
sulting in the formation of a loose argento-
philie perivascular meshwork;
(ii) deposition of fibrinoid materials, which
was largely composed of fibrin, in and around
the vascular wall. It was also suggested that
the diastaae-resistant, PAS-positive substance,
the topographical distribution of which cor-
respond to that of fibrin, may be partially
derived from plasma proteins and nuclear
debris.
In allergic vasculitis, tryptophan-rich com-
ponents first appear in the affected vascular
walls of early erythematous lesions. In lesions
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FIG. 5. Active nodular lesion of erythema nodosum
A: Tryptophan-rieh components can be seen extensively in varying intensities at the mid
to deep dermis and subeutaneum, Adams, X 48.
B: Patterns of the components correspond to those of the scattered patches of cellular
infiltrates. Notice that there are no or little tryptophan-rieh components at the fibrotic
patches, H and E, )< 48.
C: High power view of the subentaneum, Adams, X 120
D: The alternate pair of sections in Fig. SC, Mallory's phosphotungstie acid bematoxylin,
X 120. Notice that patterns of the components closely parallel those of fibrin.
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FIG. 6. Large subcutaneous artery of an active nodular lesion of erythema induratum,
Adams, X 180. More dense tryptophan-rich substance of tbe arterial lumen shows a throm-
bus, mainly composed of erythrocytes.
FIG. 7. Subcutaneum of an active nodular lesion of nodular vascuhtls, Adams, X 70. More
dense tryptophan-rich components can be seen in the lumens of blood vessels, corresponding
to thrombi.
FIG. 8. Active erythematous lesion of cutaneous allergic vasculitis due to rheumatic fever
A: Tryptophan-nch components can be seen in and around tbe vascular walls throughout
the dermis and subcutaneum, Adams, X 100.
B: High power view of the mid dermis, Adams, X 240. The components rcveal a rcticular
appearance around the vessels, accompanied by a moderate pcrivascular lymphocytic infil-
tration.
i.
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of lupus crythematosus, the components also
appear at the dermal part of dermo-epidermal
junction, paralleling liquefactive degeneration
of the basal layer. These findings also seem to
be compatible with the distribution of globu-
lin bound to tissues, as reported by Scott and
Rowell (11). The components, corresponding
to fibrinoid swelling in and around the vascu-
lar wall, arc also found in the surrounding
tissues as long as an active inflammation con-
tinues. These results migbt support the pre-
sumption that fibrinoid would be composed
of fibrin (7—10), and also derived from plasma
proteins (9—11).
It is noticeable that patterns of tryptophan-
rich components in active lesions of both
allergic vasculitis and lupus erythematosus
generally parallel those of fibrin and globulin,
not those of acid mucopolysaccharidcs at all,
which in general appear temporarily at the
late, resolving stage of the disease.
Even recently, Panja, Sengupta and Aikat
(12) have reported that the fibrinoid of vascu-
lar walls in active cutaneous lesions of lupus
crythematosus was alcian blue positive. Fi-
brinoid of the early or active lesions is com-
posed of tryptophan-rich protein components,
maybe largely of fibrin, partly of glubulin,
while that of the older lesions is gradually
replaced by acid mucopolysaccharidcs. Acid
mucopolysaccharides in older fibrinoid of al-
lergic vasculitis showed much finer reticular
appearance, intermingled among the collage-
nous or muscular fibers.
SUMMARY
Histochemical demonstration of tissue-
bound tryptophan-rich substance in various
lesions of allergic vasculitis and in cutaneous
lesions of lupus erythematosus were studied
with our improved method from Adams' p-
dimethylaminobcnzaldehyde-nitritc technique.
The distribution of tryptopban-rich compo-
nents was found to parallel that of both fibrin
and globulin, reported by the others.
Although this technique may be one more
way of staining globulin, fibrin and erythro-
cytes, it is considered to be a most useful
tool in studying fibrinoid and liqucfactive
degeneration, because it can be used on sections
of paraffin embedding.
Pie. 9. High power view of the mid dermis of
an active necrotizing lesion of allergic vasculitis,
Adams, >< 544. Notice that tryptophan-rich com-
ponents arc extensively hound to the degenerative
connective tissue.
Fie. 10. Upper part of an active cutaneous le-
sion of systemic lupus erythematosus, Adams,
X 144. Tryptophan-rich components can be seen
not only in and around the vascular walls, but also
on or in the collagenous fibers, follicles and epi-
dermis extensively.
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